Thesis Submission for 
Doctor of Philosophy in Physics 


Field Containment of Plasma Positron Annihilation 
Using Tesla Coil to Generate and Contain. 


Candidate for Doctorate Degree in Physics 
Richard M Fleming 


The State Universities of lowa 
In Conjunction with laboratories and faculty at 


MIT, Stanford, Harvard and Cal ie ¥ 
7 N 
National Defense Education Act (NDEA) of 1958 
Executive Order APP # 43 Yy 


Submitted 15 April 1974 
ww 


Defended 29 April 1974 


avid Anderson, PhD; Alan Orr, PhD. 


Thesis Committee: Francis Chen, Ph 


=> 
Academic Advisor Alan Orr, PhD 


A 


Acknowledgements. 


I would like to thank the various faculty and laboratory members who have generously 
provided me with their time, expertise and equipment to carry out these 
investigations, in addition to the members of my thesis committee whose guidance 
provide invaluable. | would like to extend my special appreciation to my academic 
advisor, Professor Alan Orr, for his guidance, support and interesting perspectives, as 
well as my colleagues and parents who provided me with their support and 
encouragement throughout this research and doctoral training. I like to express my 
appreciation for the time and insight provided during these last two years by Professor 
James Van Allen who contributed greatly to my understanding of electromagnetic 
fields. Lam especially appreciative to Presidents Eisenhower and Kennedy for the 
opportunity afforded me by being selected for this program. As Albert Einstein once 
reportedly said, “Education is what remains after one has forgotten what one has 
learned in school”. Doctorate programs are about teaching yourself how to answer 


questions others have not yet asked and/or answered, and then to use that knowledge 
and add it to humanity’s collective. 


Brief Abstract 


This research investigates a method and apparatus for controlling plasma positron 
annihilation using a Tesla coil. The research investigation employs high-frequency 
electromagnetic fields generated by a Tesla coil to manipulate plasma positron 
dynamics and interactions with controlled annihilation. 


UN 
By exploring the interaction between plasma and positrons while employing the , 
electromagnetic field properties of the Tesla coil, this research aims to provide new 
insights into controlled annihilation processes. The method provides precise” 
confinement and control of positrons, facilitating applications in advanced propulsion 


systems for space travel and potential directed energy weapons. 
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Chapter 1. Introduction 
Background 


Positrons (e’), the antimatter counterparts of electrons, undergo annihilation upon 
interaction with plasma — an ionized gas consisting of free electrons and ions - 
electrons (e’), resulting in the release of photon energy (gamma rays) and/or the release 
of quarks and the boson particle, gluon. Each fundamental particle responds to 
electromagnetic (EM) fields and as such can be influenced by EM fields. 4 , 
Understanding these interactions are critical for understanding and controlling the 
plasma positron annihilation process. > 


Significance 
Ae @ 


Controlling positron annihilation in plasma could lead to breakthroughs in controlled 
nuclear fusion and antimatter research. Utilizing Tesla coils, known for their high- 
voltage and high-frequency electromagnetic fields, presents a novel approach to 


manipulating and controlling these means 


Objective 


ia N 


To determine if Tesla fields generated by a Tesla coil can be used to direct and control 


eo 


plasma positron annihilation. 


Scope 


This research focuses on applying the current theoretical and acquired knowledge of 
plasma, positrons, and Tesla coils, to control and harness matter-antimatter 


annihilation. > 


Outline 


A 


The thesis is structured into chapters detailing the literature review, theoretical 
framework, methodology, experimental results, discussion, and conclusion. 


The Bohr model provides a useful but limited understanding of sub-atomic particles, 
with the introduction of limitations required of such a simplistic model. The first 
fundamental error is the perspective that electrons are solid objects. The universe 

is composed of quantumly defined energies. At lower quantum energies the material 
building blocks of the universe give the appearance of objectively measurable solid 
objects, while at higher energies these same building blocks have appear as 
measurable frequencies with wave (A) phenomena. The conservation of this mass- 
energy continuum was defined Albert Einstein’s special relativity theory 


E=me’ 
where: 


E = the energy measured in joules, 
m = the mass in kilograms, and 
c is the speed of light measured in meters per second 


Thus, all mass and energy in the universe is conser 
dual-slit experiment, behaves as both solid (low 
at any given point in time. It is our interactio 
energy to that which is observed and measured 


The highest energy is frequently refer 
Planck-Einstein relationship: 


hoton units as is defined by the 


where: 


E = the photon energ 
h [Planck’s constant] 


neasuyed in joules, 
& 34s z : lay ATOR 4 -27 A 

x 10° joules per second or 6.625 x 10°” ergs per second, 
v in cycles per second; viz. hertz (Hz). 


vy systems are in motion, their energy-momentum relationship is 
z factor, 1.e., the changes in the physical properties of an object 


where: 


y = the Lorentz factor, 

v = the relative velocity in meters per second between inertial reference frames, 

c = the speed of light measured in meters per second, 

6 = the ratio of “v” to “c”, 

A = delta or difference in, 

t = the coordinate time of observer, and 

t = the proper time of observer (i.e., the measured time interval from obseryggss time 


frame). 


Consequently, when considering energy-momentum relationships, Pdone 
when electromagnetic fields are applied using a Tesla coil as prope i 
research, for both the production of plasma and containment 
annihilation, Einstein’s special relativity for energy mass c¢ 


where: 
E = the energy measured in joules, 


y = the Lorentz factor, 
m = the mass in kilograms, and 


c = the speed of light measured in met 


. While Paul Dirac first postulated the 

existence of anti-matter in 1 vhen he tried to reconcile enromngers s linear partial 
differential equation, 
systems, with Einsteif massfenergy special cee savauoh [E Se it was not 


Xe = 4 


The now famous answer is X can be both 2 or -2. 


In 1932 Carl David Anderson discovered antimatter positrons in a cloud chamber at 
the California Institute of Technology (aka Caltech). The subsequent observation that 
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matter and antimatter annihilate each other with the calculated release of 2-511 MeV 
photon’s has since raised questions regarding the potential use for this energy source. 


The energy produced from plasma positron annihilation, while theoretically 
substantial on a per-event basis, presents practical challenges when scaling up to 
useful quantities. It is this question of controlled plasma positron annihilation control 
and regulation that this research focuses on. 


POTENTIAL APPLICATIONS OF THIS RESEARCH 


1. Scientific Research and Experimental Physics 


ositrons can 


Particle Physics Experiments: The controlled annihilation of 
i nuimatter 


be used in experiments to study fundamental particle inter 
properties, and high-energy physics phenomena. 


Positron Emission Tomography (PET): Although tl ogitron emission 
tomography (PET) scanners were built by Edwa 


Pogossian and Michael E. Phelps last year (1¢ 
and NIH monies, future applications and adva 
generation and control including but ng ited 
medical imaging. 


Wrinegton University with DOE 
ients include radioactive isotopes 
X Tesla coil-generated plasma for 


2. Compact Energy Souy 
Micro Power Generators: St 


scale applications could benefit from plasma positron 


precise and small am@ nts of)power, such as nanoscale sensors or 
microelectromechanic 


Ome be harnessed for industrial radiography, sterilization processes, or 
other applications requiring controlled radiation sources. 


FEASIBILITY AND PRACTICAL LIMITATIONS 
1. Seale of Energy Production 


Low Power Output: The energy produced from plasma positron annihilation, while 
theoretically substantial on a per-event basis, presents practical challenges when 
scaling up to useful quantities. Using the example calculation where 10” plasma 


positron annihilates per second would produce approximately 1.637 joules second 


(or 1.637 watts). This 1.637 watts is relatively low power and would be insu 


significant technical and engineering challenges. 
2. Efficiency and Containment 


Positron Production: Generating positrons e juires high-energy 


interactions typically achieved in particle acce yrs, Which are more complex and 


energy-intensive than Tesla coils. 


3. Safety Consideratioy4 


Radiation Hazards: TI 
ive and poses significant safety risks. Shielding and protective 
be crucial in any practical application to protect humans and 


na radiation produced from positron annihilation is 


Hnt from radiation exposure. 
Tsron and Infrastructure 


Conversion Efficiency: Converting the gamma photons produced from annihilation 
into usable electrical or thermal energy efficiently is another challenge. Current 
technology for such conversion is not highly efficient. Given the absence of effect of 
EM upon gamma radiation as shown in Figure 1, demonstrates the need to use Tesla 
coil technology to both increase plasma positron annihilation as well as direct the 


annihilation energy source by directing the plasma positron annihilations toward a 
port for release of the gamma energy. 


Infrastructure Requirements: Developing the necessary infrastructure to handle and 
utilize plasma positron annihilation energy will require significant investment in 
research, development, and safety measures. 


INTRODUCTION CONCLUSION 


basis, the current practical limitations significantly restrict its appli 
containing, and efficiently utilizing plasma positron annihilation er 
remains more of a scientific curiosity than a feasible power so 
technology. Advancements in particle physics, materials scighc@@ engineering may 
eventually overcome these challenges, potentially openin Mues for energy 
generation and utilization in niche applications includ favel and potential 


weapons systems. 
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Chapter 2. Initial Literature Review and Contributions to the Field. 


A complete list of referenced material is presented in chapter 8. This chapter will 
focus on specific literature as it relates to important contributors in the fields of 
plasma research, positrons, and Tesla coils. 


UNDERSTANDING PLASMA POSITRON PHYSICS 
> 
Review of positron discovery, properties and early research from the 1930s to 1973, 
includes a brief discussion of Dirac's theory of antimatter and experimental 


techniques for positron production and detection. C 


Positron plasma annihilation refers to the process where positrons (the antimatter 
counterparts of electrons; e’) in a plasma interact with electrons (e’), resulting in 
mutual annihilation as shown in Figure 2. This annihilation process theoretically 
either results in (a) the conversion of the mass of the positron-electron pair into 2-511 
KeV gamma photon energy units, or (b) the release of a lesser quantity of gamma 
photon energy with conservation of matter resulting in the generation of both a matter 
quark (q) and anti-matter quark (q) with release of gluon (g) particle. We will now 
focus on the first of these two as the principle method for producing maximum energy 


production from the pair annihilation. oh& » 


For purposes of clarity, for the remainder of this thesis the term plasma refers to the electron 


» 4 


1. Positron and Electron Interaction: In a plasma containing positrons, these 


antiparticles can collide with electrons. Since positrons have the same mass as 
electrons but opposite charge, they are attracted to electrons. 


2. Annihilation Event: When a positron encounters an electron, they can annihilate 
each other. This annihilation process converts the mass of both particles into energy 
according to Einstein's mass-energy equivalence principle, E=mc’. 


3. Gamma (Photon) Production: The typical result of an electron-positron annihilation 


is the production of two photons, each with an energy of 511 keV (kilo-electron volts), 
which corresponds to the rest mass energies of the electron and positron. The two 
photons are emitted in approximately opposite (~ 180 degree) directions to conserve 
momentum. 
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4. Plasma Characteristics: Positron plasmas can be created and confined in laboratory 
settings using magnetic fields, in addition to other techniques. This research focuses 

on plasma generated through Tesla magnetic fields. These are of interest in the fields 
of astrophysics and controlled nuclear fusion given the unique properties of plasmas 

composed of equal amounts of matter and antimatter. 


5. Applications and Studies: Investigating positron plasma annihilation can improve 
our understanding of fundamental particle interactions, allow for the development of 
enhanced materials (through positron annihilation spectroscopy), and augment our 
exploration of theoretical aspects of antimatter. In astrophysics, positron annihilation 
is observed in phenomena such as gamma-ray bursts and the environments around 


black holes and pulsars. e ) 
y shUOUN 


Overall, positron plasma annihilation is a critical process in both fundamental physics 
research and practical applications, providing insights into the behavior of antimatter 


Y 


HR: 


and the fundamental symmetries of the universe. 


DIRAC’S THEORY OF , 


1928. The Dirac equation describes th ; of relativistic electrons and predicts 
the existence of particles with the 


Key Points of Dirac’s Theor 


‘quatipn incorporates both quantum mechanics and special 


1. Dirac Equation: Th 


relativity: 


(iy# 0, — m)w =0 
whe 


i is the imaginary unit, ensuring that the wave function (j) remains consistent with 
the principles of quantum mechanics, 

d;, denotes the partial derivative with respect to spacetime coordinates, 

m is the mass, and 

W is the wave function, and 

y" is the gamma matrices, where p ranges from o to 3 satisfying the Clifford algebra 
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fy# ,y?} = 2n"?l 
where: 


{,} denotes the anticommutator, 
I is the 4 x 4 identity matrix, and 


/ 
\ 


n¥” is the Minkowski metric tensor, whose components are ((x, y, z special) and t(time) 


components), 
1 O 0 0 
eG 4 2 9 
Ole. 0 0 
0 0. 1. “0 
| ) 
0 O:- or. a1 
In special relativity, the Minkowski metric is used tof@ ite Pie spacetime interval 


where: 


x = x-coordinate in spa¢ 
y = y-coordinate in space, 
z = z-coordinate in spac 
t = time coordinate, 


The Minkowski metric tensor provides the foundation for measuring distances and 
intervals in four-dimensional spacetime, ensuring the consistency of theory of special 
relativity. It defines the invariant spacetime interval and is crucial for describing the 
geometry of flat spacetime in relativistic physics. 
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In summary, the Dirac equation integrates these components to describe relativistic 
spin — 2 particles, capturing their behavior under the influence of both quantum 
mechanics and special relativity. Dirac’s equation successfully predicted the existence 
of antimatter, including the positron, and provided a theoretical foundation for 
quantum field theory and the Standard Model of particle physics. 


Dirac's theory on antimatter and subsequent experimental advancements in positron 
production and detection have profoundly impacted physics, leading to significant 


developments in both fundamental research and practical applications su 
medical imaging. 


th positive 
and negative energy. To avoid physical inconsistencies, Diraé p sed that all 
negative energy states are filled in a "Dirac sea," which is4 fal model where 
these states are occupied by electrons. A "hole" in thi appear as a 
positively charged particle. 


ere later identified as 


3. Prediction of Positrons: The "holes" in the 
protons but soon realized they had 


positrons. Dirac initially interpreted these ho 
and opposite charge. 


4. Experimental Confirmation: Carden c experimentally discovered positrons in 
1932, providing empiricagyalida irac's prediction. He observed positrons in 
cosmic rays using a clouc irming their existence and verifying Dirac's 
theory. 

EXPERIMENT, ZAINIQUES FOR POSITRON PRODUCTION AND 


DETECTION 


Tet ositrons 

fT! isotopes undergo beta-plus decay (positron emission), where a 
proton in the nucleus is converted into a neutron, a positron, and a neutrino. [See 
figure 1.) For example, °F decays to °O by emitting a positron (e') {aka beta particle B’] 
and a neutrino (vy). 


Pair Production: High-energy photons interacting with a nucleus can produce an 
electron-positron pair. This occurs when the photon has energy greater than 1.022 
MeV (twice the rest mass energy of the electron and positron). 
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Particle Accelerators: High-energy collisions using particle accelerators are expected 
to be able to produce positrons in the not distant future. The soon to be operational 
Super Proton Synchrotron (SPS) is expected to be able to produce positrons and 
advance particle physics research using the world’s first proton antiproton super 
collider. 


2. Detection of Positrons 


Cloud Chambers: Early experiments used cloud chambers to detect the Uf@fs of 
charged particles. Positrons leave tracks that curve in the opposite (TW 
electrons in a magnetic field, due to their positive charge. 

Bubble Chambers: Bubble chambers are similar to cloud cl hese chambers 
use a superheated liquid coupled with a sudden decrease 
produce a “superheated metaphase” liquid, allowing gga 
positrons, to form a track around which the liquid Was, fOrming microscopic 
“bubbles”. The density of the bubbles around hg, Fis proportionate to the 


energy loss of the ionized particles. 


‘r pressure to 
icles, including 


Scintillation Counters: These devices dg osityons by measuring the light 
produced when positrons interact with@cj ng material. This is commonly 
employed in nuclear imaging. 


PET sé »positron-emitting isotopes to image metabolic processes in the 
body. The emitted positrons annihilate with electrons, producing gamma rays that are 
detected and reconstructed to form images. 
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EXPERIMENTAL TECHNIQUES FOR PLASMA PHYSICS INCLUDING 
PRODUCTION AND DETECTION 


Irving Langmuir was a pioneering American physicist and chemist whose work 
significantly contributed to developments in plasma physics. Langmuir's research in 
this field laid the groundwork for understanding various properties and behaviors of 
plasmas, which are often referred to as the fourth state of matter. 


Key Contributions of Irving Langmuir to Plasma Physics. 


1. Discovery of Plasmas C 


Plasma Concept: In the 1920s, while studying electrical discharges in gases, Langmuir 
coined the term "plasma" to describe the ionized gas composed of ions, electrons, and 
neutral particles. He observed that these ionized gases exhibited collective behavior 


distinct from those of ordinary gases. lo. Ol 


Definition: Langmuir described plasma as a quasi-neutral gas of charged and neutral 


- wT 


particles exhibiting collective behavior. 


™& 


Development: Langmuir developed an instrument called the Langmuir probe to 


2. Langmuir Probe 


measure the electron temperature, electron density, and electric potential in plasmas. 

: | Ww, 
Function: The probe consists of a conducting wire inserted into the plasma. By 
measuring the current-voltage characteristics of the probe, important plasma 

: 7 

parameters can be determined. 
Impact: The Langmuir probe remains a fundamental diagnostic tool in plasma physics 
research and applications. 


3. Plasma Oscillations 

Discovery: Langmuir, along with his colleague Lewi Tonks, discovered plasma 
oscillations, also known as Langmuir waves. These are high-frequency oscillations of 
the electron density in a plasma. 


Theory: They demonstrated that electrons in a plasma can collectively oscillate around 
their equilibrium positions, leading to wave-like phenomena. This work was 


fundamental in understanding wave propagation in plasmas. 
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4. Debye Shielding (aka Electrostatic Sheath) 


Concept: Langmuir's research contributed to the understanding of Debye shielding, a 
process by which a plasma - due to the electrons having an order of magnitude greater 
temperature, and as such are faster than the surrounding ions - charge the surface 
with a relatively negative charge compared with the surrounding plasma, screens out 
electric fields over a characteristic length scale known as the Debye length. The Debye 
length is: 


where: 


Ap is Debye length, 
Ep 1s the permittivity (absolute dielectric of classical vacuum; capacitance of the 
vacuum) of free space [approximated as 8.85 x 10-12 Farads per meter (F/m)|, 
kg is the Boltzmann constant [1.380649 x 10-23 joules per kelvin (J/KN)), 
g. is the charge of an electron (1.602 176 634 x 10°" coulombs), 
T. is the temperature of the electrons, 
Ne 1s the density of electrons.) 
nj is the thermodynamic average in the associated electric potential field, 
Pa es 2 -O1 Vv >A 
z; 1s zeptojoules (10), and”, 
T; is the temperature of ions/species. 
» 4 


Significance: Debye shielding explains why electrostatic potentials in plasmas are 
shielded beyond a certain distance, affecting how plasmas interact with their 
environment and with external electric fields. 

3. Applications and Legacy 

Plasma Devices: Langmuir's work has had lasting implications for the development of 
various plasma devices and technologies, including fluorescent lights, plasma TVs, 


and fusion reactors. 


Interdisciplinary Impact: His contributions extend beyond plasma physics to fields 


17 


such as surface chemistry, where he also made significant strides, earning the Nobel 
Prize in Chemistry in 1932 for his work on surface chemistry and adsorption. 
Key Contributions of Francis F. Chen’s to Plasma Physics. 


Francis F. Chen is a prominent physicist renowned for his extensive work in plasma 
physics. He has made significant contributions to both the theoretical understanding 


and practical applications of plasmas, and his textbooks are widely used 1 
education of new generations of plasma physicists. 


1. Chen’s Experimental and Theoretical Work Textbook and Educa 
Contributions entitled “Introduction to Plasma Physics and Cg 


Summary: Chen's textbook, due to be published later this 
comprehensive introduction to the field. It covers fur asma physics 


concepts, including plasma confinement, waves, ingfab fnd various applications. 


2. Specific Contributions 


the Wevelopment of various plasma 


Plasma Diagnostics: Chen has contribu 


diagnostic techniques, including Lang es, which are crucial for measuring 


plasma parameters such as density 1p ire, and potential. 


Waves in Plasmas: Chen’ rk 
instabilities. He has studied 


diagnostics and heatin 


idgs extensive research on plasma waves and 
xe propagate in plasmas and how they can be used for 


éutrolled Fusion: Chen has researched methods for 


Plasma Confinement 


. His work ee Sent fed: to ike aa of hae to maintain 
ditions necessary for sustained nuclear fusion reactions. 


Magnetohydrodynamics (MHD): Chen has worked on the principles of MHD, which 
describes the dynamics of electrically conducting fluids like plasmas. His research has 
implications for both astrophysical plasmas and engineering applications. 


Industrial Applications: Chen's work has implications for plasma applications in 


industries. 


18 


Francis F. Chen’s contributions have had a lasting impact on plasma physics, both in 
terms of theoretical advancements and practical applications. His work has helped to 
deepen our understanding of plasma behavior and has provided essential tools and 
techniques for research and industry. His textbooks continue to be vital resources for 
students and researchers in the field. 


ANNIHILATION MECHANISMS 
positron encounters electrons. The nature of the medium — whethe@t is a vacuum, 
gas, liquid, or solid— affects the way positrons annihilate with 
overview of annihilation mechanisms in different media. 
tr Vacuum 


The first practical application of vacuum syst 
physicist, John Ambrose Fleming, PhD. It has 


egawwith the work of the English 
vsaid that this was the beginning 


1904 followed by his 1905 work on osci 
tubes and eventually lead to Irvin 


sositrpn’ directly encounters an electron, and they annihilate 
ype in the production of two gamma photons with energy of 


In a gaseous medium, positrons can undergo several processes before annihilation: 


Direct Annihilation: Similar to a vacuum, positrons can directly annihilate with free 
electrons, producing two 511 keV gamma photons. 


Positronium Formation: Positrons can form a bound state with electrons called 
positronium. Positronium exists in two forms: 
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Para-Positronium (p-Ps): This is the singlet state (total spin 0) with a lifetime of 
about 125 picoseconds in a vacuum. It annihilates primarily into two gamma 
photons. 


Ortho-Positronium (o-Ps): This is the triplet state (total spin 1) with a longer 
lifetime of about 142 nanoseconds in a vacuum. It predominantly annihilates 
into three gamma photons, each with energy less than 51 keV. 


Quenching: In dense gases, collisions with gas molecules can quench pos 
leading to shorter lifetimes and potentially altering the annihilation ‘ess 


3. Liquid 


In liquids, the behavior of positrons and positronium is 1 
environment. 


y the denser 


is usually shorter due to interactions with theg uid n&cules. The annihilation 
modes (two or three photons) depend on the s tgte of positronium. 


Solvent Effects: The type of liquid sol 
example, polar solvents might aff ronium formation rate and its 
annihilation process. 


Bubble Formation: In some ids, positrons can create small bubbles, isolating them 
from the liquid and aly nihilation characteristics. 


4. Solid 


, positron annihilation processes are more complex due to 
he lattice structure and electron density. 


thilation: Positrons can get trapped in defects, vacancies, or voids in 
the cold lattice. These trapped positrons can annihilate with surrounding electrons. 


Positronium Formation: In certain solids, positrons can form positronium, which can 
then annihilate within the solid. The positronium might have a shorter lifetime 
compared to gases due to interaction with the solid matrix. 


Defect Analysis: The characteristics of positron annihilation (lifetime and gamma 
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photon energy distribution) are used in techniques like positron annihilation 
spectroscopy (PAS) to study defects and electron density in solids. 


ANNIHILATION PRODUCTS AND THEIR DETECTION 


The following approaches are currently available for detection of annihilation 
products; Le., emitted gamma photons. 


Gamma Photons: The most common and detectable product of positron- ‘tror 
annihilation are gamma photons. In the case of direct annihilation 
positronium annihilation, or plasma positron annihilation, two 511 
photons are emitted. Ortho-positronium annihilation results 1 é ma photons 


with lower energies as discussed. 


Detection Techniques: Various techniques are used tg 


photons from annihilation events. 


4 analyze the gamma 


Gamma-ray Spectroscopy: Measures t)gbnergySFid intensity of gamma 


photons. 


Positron Emission Tomography Ses the annihilation gamma photons to 


create images of metabolic medical diagnostics. 
The medium significantly positron annihilation mechanisms, affecting 
the formation of positroniu e lifetime of the annihilation states, and the resulting 


gamma photon emissig¢ ’ anding these processes in different media is crucial 
for applications in maf&rial sdience, medical imaging, and fundamental physics 
research. 


we will be focusing on the measurement of plasma positron 
vacuum chamber with “pinch” effect produced by Tesla coil. 


TESLA COILS 


It is important to consider in brief, a review of some of the historical developments of 
Tesla coils, Nikola Tesla’s pioneering work and subsequent advancements. We will 
review some the application of Tesla coils in generating high-frequency 
electromagnetic fields and the potential implications for plasma physics. 
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Tesla coils are resonant transformers that generate high-voltage, high-frequency 
alternating currents. They have been used for various applications, including the 
generation of high-frequency electromagnetic fields and their potential uses in plasma 
physics. 


Historic Development of Tesla Coils. 


1. Invention by Nikola Tesla (1891) 


Design: A basic Tesla coil consists of two inductors (primary 4 
two capacitors. The primary coil and capacitor form a resoya 
powered, induces a high voltage in the secondary coil thi 
and further claims made by Nikola Tesla’s patent 1,11¢ 
States Patent Office on 1 December 1914. 


My coils) and 
uy that, when 
ance. The design 
Anted by the United 


2. Early Demonstrations and Experiments 
Wireless Transmission: Tesla demonstyz 


power using his coils. He envisioned a@c tem for wireless transmission of 
energy. 


high-frequency alternating ¢ ‘nts, leading to advancements in radio technology and 
the understanding of oom APRetic waves. 


3. Developments in th Century 


vy: Early radio transmitters used principles similar to Tesla coils to 
Smit radio waves. 


ns: In the early 20th century, Tesla coils were used in medical 


devices, such as diathermy machines, which used high-frequency currents for 
therapeutic heating. 
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Applications of Tesla Coils in Generating High-Frequency Emission Fields 


1. High-Frequency Electromagnetic Fields: 


Generation: Tesla coils generate high-frequency electromagnetic fields through 
resonant inductive coupling. These fields can ionize gases, create plasma, and produce 
a range of electromagnetic phenomena. 


Wireless Power Transfer: Tesla's vision of wireless power transfer contin to b 
explored with the potential for modern advancement and applicatioffs$ 


2. Lighting and Displays: 


Gas Discharge Lamps: High-frequency fields from Tesla 
discharge lamps, creating light without the need for eg 


nize gases in 


Entertainment and Education: Tesla coils are u mstrations and educational 
settings to illustrate principles of high-voltag 
They are also popular in artistic displays and p 


Pand electromagnetic fields. 
piances. 


Tesla Coil Potential for Plasma Physic 


1. Plasma Generation: 


lonization of Gases: Tesla ec 
high-voltage emission 
plasma state. 


‘an lonize gases, creating plasma. The high-frequency, 
Mectrons from gas atoms, resulting in a conductive 


esla coils can generate cold plasma, which has applications in 
yce treatment, and medical therapies. 


sterilj 
2. Pl 


Diagnostics: Tesla coils are used in plasma diagnostics to study the properties of 
plasmas. The high-frequency fields can probe plasma behaviors and interactions. 


Fusion Research: While Tesla coils themselves are not used directly in fusion 


reactors, the principles of high-frequency electromagnetic fields are relevant in 
heating and confining plasmas in fusion research. 
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3. Material Processing: 


Surface Treatment: Plasma generated by Tesla coils can modify the surface properties 
of materials, such as enhancing adhesion, cleaning surfaces, and creating hydrophobic 
or hydrophilic properties. 

Thin Film Deposition: Plasma-enhanced chemical vapor deposition (PECVD 
techniques use plasma to deposit thin films on substrates, a process relev 
semiconductor manufacturing. 


) 


SUMMARY OF LITERATURE REVIEW AND CONTRIBUTIONS 
cae | | .( mw | 
Consideration of the above theories and previous work demonstrates the potential to 
harness plasma positron annihilation energies using electromagnetic field control 
using Tesla coils. This material provides the basic foundational information and 


knowledge base needed to measure these annihilations, as well as lay the foundation 
for the applied use of this energy, through the focused release of the resulting 
annihilation energy in both the fields of propulsion systems as applied for 
interplanetary travel and in the potential development of focused (pulsed) weapons 
systems. 
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Chapter 3. Integration of Concepts 


In the prior chapters we reviewed some of the fundamental concepts leading up to the 
development of Tesla coils, the recognition of the existence of antimatter with an 
emphasis on positrons, and the fourth state of matter (plasma), with a recognition that 
the critical particle of interest in plasma for purposes of this research is the electron 
(ec). The theoretical considerations and acquired knowledge provide the framework for 
this experimental work, focusing on the utilization of enhancing electromagyetic (EM) 
field strengths using a Tesla coil within a contained vacuum space, to red co 
interference with the plasma (e’) positron (e’) annihilation process and en¥gy re 


lpase. 


C coil, we 
tromagnetic field 
low are the key 
on annihilation 


To describe the control of positron annihilation in a plasma t 


as well as the interaction rates for positron-electron annift 
concepts and equations required to understand the 
process within a Tesla coil. 


A Tesla coil is an electrical resonant trg Arcuit invented by Nikola Tesla circa 


1891. The primarily use of a Tesla coil ice high-voltage, low-current, high- 
frequency alternating-current elepgyty. ‘ coil itself consists of two main parts: a 


primary coil and a secoyggry cog g4ch with its own capacitor. 


ating magnetic field around the coil. 


2. Se : The secondary coil is wound around the primary coil. It has many 
more e and is tuned to resonate at the same frequency as the primary coil. 
fies the voltage. 


3. Capacitor: A capacitor is connected in parallel with the primary coil. It stores 
electrical energy and helps create the resonant circuit. 


4. Spark Gap: A spark gap is placed between the primary coil and the capacitor. It 
consists of two electrodes with a small gap between them. When the voltage across the 
gap reaches a critical point, it ionizes the air and allows current to flow, discharging 
the capacitor rapidly. 
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3. Resonance: The rapid discharge of the capacitor creates a burst of high-frequency 
oscillating current in the primary coil. This current induces a very high voltage in the 
secondary coil due to resonance. 


6. High Voltage: The voltage in the secondary coil can reach hundreds of thousands to 
millions of volts. This high voltage creates corona discharges and eventually leads to 

the formation of electrical arcs at the top terminal (toroid) of the coil, produgp 
spectacular electrical displays known as streamers. 


Plasma generation in a Tesla coil occurs when the high voltage at tl 
ionizes the surrounding air, creating a glowing, ionized gas known 
intense electric field at the oe of the coil strips electrons fron, es, creating 


- with other air 


Soe interacts acces cae the sisitnoHeSal SOL 


molecules in the air. 


AUGMENTAT O 
oA sustained application of a high magnetic field 
and confine plasma. This concept is referred to as 


with the positron source, thereby increasing the plasma (electron) 
posi ion. 


Cring plasma positron annihilation in the context of a continued Tesla 
pinch, several effects are notable: 


1. Increased Annihilation Rate: The primary effect of the Tesla pinch is the 
compression and heating of the plasma. By confining the plasma to a smaller volume, 
the density of both positrons and electrons increases. This higher density results in 
more frequent collisions between positrons and electrons, thereby increasing the rate 
of positron-electron annihilation. 
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2. Enhanced Plasma Temperature: The compression from the pinch effect increases 
the kinetic energy of particles within the plasma, raising its temperature. A higher 
temperature can lead to more energetic interactions, potentially influencing the 
spectrum of radiation (photons) produced by the annihilation events. 


3. Magnetic Field Effects on Particle Trajectories: The strong magnetic fields in a 
Tesla pinch can alter the trajectories of charged particles (electrons and posjgons). 
This confinement can lead to anisotropies in the plasma and affect the spf 


intensity and spectrum, can be affected by the plasma cof 
and temperature conditions induced by the Tesla pir 


1e high density 
the radiation 
towards higher energies and possibly affect the dis nd directionality of the 
emitted photons. 


‘olled, can lead to turbulent plasma 
behavior, which might either enhance positron annihilation depending on 


the nature and seale of the turbu 


‘ontinued application of a Tesla pinch to plasma can significantly 
annihilation by increasing the plasma density and temperature, 
Alision rates between positrons and electrons. It also influences 
eestics of the emitted radiation and requires careful control of plasma 
stability to maintain the desired effects. 
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TESLA COIL IN A VACUUM - MATERIALS AND EQUIPMENT 


A Tesla coil operates by generating high-voltage, low-current, high-frequency 
alternating current (AC) electricity. In a vacuum, the behavior of a Tesla coil would be 
significantly different compared to its operation in air. Here’s how a Tesla coil should 
generate electrons in a vacuum. 


1. High Voltage Generation: The primary function of a Tesla coil is to gen 


hundreds of thousands to millions of volts. This high voltage is cru 
plasma. 


The high voltage generated by a Tesla coil can lead to fie 
are emitted from the surface of the metal component 
This phenomenon is more pronounced in a vacuungbe e there are no gas 
molecules to ionize and carry away the energy. 


e LOW strong electric field. 


2. Electric Field Intensity: At the top terminal of the Tesla coil, where the 
voltage is the highest, the electric field } y D¥comes extremely strong. This 
intense electric field strips electrons fr Ailes present in the chamber, creating 
positively charged ions and free e 


1 the free electrons and other molecules. The collisions impart 
the molecules to ionize them, creating a cascade effect. 


At ver} mes, even a vacuum can break down, leading to a phenomenon 
new as vacuum breakdown. This could result in a sudden surge of electrons being 
emitted and accelerated. 


4. Plasma Formation: The ionized gas that forms as a result of this process is called 


plasma. Plasma is often referred to as the fourth state of matter, as it consists of ions 
and electrons that are not bound together, unlike in solids, liquids, or gases. In the 
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context of a Tesla coil, the plasma forms a luminous discharge around the top (toroid) 
terminal, creating the characteristic glowing effect. 


If there is a small amount of residual gas within the vacuum, the high voltage from the 
Tesla coil could ionize this gas, forming a plasma. The plasma would consist of free 
electrons and positively charged ions, which could conduct electricity and create a 
visible discharge, similar to a glow discharge or a spark. 


In a vacuum, a Tesla coil can generate electrons primarily through field egiis$¥on,and 
potentially create high-energy electron beams, and Rontgen radiation (akg 
with emission frequencies between 10° and 10” hertz (Hz; cycles pey : 
behavior is influenced by the high electric fields and the lack of airfgolecujes, which 
allows for more efficient acceleration of electrons and differer 
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discharge compared to operation in a gaseous environment 


3. Glowing Discharge: The plasma generated by the 
movement of charged particles within it. This glow4 
colors, depending on the gases present in the syggour ur not adequately 


its light due to the 
&e can take on various 
ntroduced into the 


evacuated by the vacuum and any additional stanc® 


environment. 


kre capable of generating plasma, the 


6. Control and Manipulation: While T 
‘ nal setup. Efforts to control this include 


process is somewhat uncontrolle 
gas composition sUrroUggll 


ng th 


, nyodifying the coil's design to influence the 


1ccelerated by the Tesla coil strike a metal target within the vacuum, 
Rontgen radiation through the process of bremsstrahlung radiation. 
wise the high-energy electrons decelerate rapidly upon hitting the 

me energy in the form of “X-rays”. 


TESLA COIL POSITRON GENERATION 


While Tesla coils are known for their ability to generate high voltages and create 
spectacular electrical displays, they are not typically used to generate positrons 
directly. Positrons (e°) are the antimatter counterparts of electrons (e’), with the same 
mass but opposite charge. Generating positrons requires processes that involve high- 
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energy particle interactions, such as those found in particle accelerators or nuclear 
reactions. 


However, Tesla coils can indirectly contribute to positron generation in certain 
experimental setups including: 


1. Particle Acceleration: Tesla coils can be used as part of experimental setups for 
particle acceleration. While they are not as powerful as dedicated particle accelerators, 


When these high-energy electrons collide with a target material, thy 
positrons through processes such as pair production. 


with a nucleus, producing an electron-positron pair. Whi 
photons directly, they can contribute to the creation 
indirectly. For example, if'a Tesla coil is used in co yWith other equipment 
that generates X-rays or gamma rays, these higl ag tons can interact with 


ils do not produce 
ey photons 


materials to produce electron-positron pairs. 


3. Plasma Physics Research: Tesla coils din plasma physics research, 
where they create plasma by ionizing le the primary goal of such 
experiments is not positron generadg igh-energy environment and interactions 


ils typically produce high-voltage, high-frequency electrical fields, 
verful as dedicated particle accelerators. The energies achieved 
with ty not be sufficient to accelerate electrons to the levels required for 
efficient pair production and positron generation. 


2. Efficiency: Even if Tesla coils could accelerate electrons to high energies, the 
efficiency of pair production—the process by which high-energy photons produce 
electron-positron pairs— appears to be too low to be practical. Many high-energy 
photons may interact with the target material without producing pairs, reducing the 
overall efficiency of positron generation. 
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3. Control: Tesla coils are relatively simple devices compared to dedicated particle 
accelerators. Controlling the parameters, such as the voltage, frequency, and target 
material, to optimize positron generation may be challenging. Without precise 
control, the efficiency and yield of positron production would appear to be limited. 


4. Background Radiation: In experimental setups involving high-energy interactions, 


background radiation from various sources can interfere with the detection g 


analysis of positrons. Tesla coils can produce electromagnetic interferenc 
induce unwanted electrical signals in detection equipment, making it dif 
distinguish positrons from other particles or noise. In other words, 
ratio would be insufficient to be practical. 


1 OTe - Noise 


researchers and equipment. High-voltage discharges can €% ‘leYtrical shocks, and 
the production of high-energy photons can pose radiggga As if proper safety 
measures are not in place. 


6. Cost and Complexity: Building and operati 


coils for positron generation may require signt 
equipment, materials, and expertise. Tl 


their accessibility to research institutic equate facilities and funding. 


In summary, while Tesla 


dedicuiad par Gale: accfaleratork and athee ipienes ey facilities are more Scone 
used for positr on ea ral due to their a enerey ee and better control 


To describe the control of positron annihilation in a plasma using a Tesla coil, we 
need to understand the basic equations governing positron dynamics in an 
electromagnetic field and the interaction rates for plasma (electron) — positron 
annihilation. Below are the eight fundamental key equations. 
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t. Positron Dynamics in Electromagnetic Fields 


The Lorentz force equation describes the force experienced by a charged particle in 
an electromagnetic field. For positrons, which are positively charged antimatter 
counterparts of electrons, the equation remains the same as for electrons. 


When the Lorentz force is perpendicular to the magnetic field and particle movement, 
Lorentz force is given by: 


Pag Rav B) 
where: 


F is the Lorentz force experienced by the particle, 

q (normally represented as “e” for the charge of an electr 
particle (in this case, the charge of the positron) in Colds 
E is the electric field vector, 

v is the velocity vector of the particle in meters 


thePharge of the 


B is the magnetic field vector in Tesla. 


When Lorentz force is not perpendiculs 


Where @ refers to the an ety 


field. 


thé velocity of the particle and the magnetic 


Specifically, these varus components are: 


eing positively charged, experience a force in the direction of the 
d lines if the field is positive, and opposite to the direction of the 
aes if the field is negative. 


2. Magnetic Field (B): When a positron moves through a magnetic field, it 
experiences a force perpendicular to both its velocity and the magnetic field 
lines. This force is responsible for the circular motion observed in charged 
particles moving in a magnetic field, as described by Fleming’s right-hand rule. 


3. Velocity (v): The velocity of the positron affects the magnitude and direction 
of the force it experiences. If the positron moves parallel or anti-parallel to the 
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magnetic field lines, it experiences no force due to the magnetic field. However, 
if it moves perpendicular to the magnetic field lines, it experiences the 
maximum force. 


4. Charge (q): The charge of the positron determines the strength of the force it 
experiences in the presence of electric and magnetic fields. Positrons have the 

same charge magnitude as electrons but positive instead of negative, so they are 
influenced in the opposite direction by electric fields. 


Fleming’s Right Hand Rule 


The electromagnetism rule for generators and the relationship bet&en fie}d (force), 
current and motion for generators are described by Fleming’ sggaehts 


Fleming’s left-hand rule applies to electric motors. In the i 


Tule; while 


Cthe Right-hand 


rule: 
Imagine a positron moving in a magnetic fie bth, A velocity (v) 
perpendicular to the field lines. Using th rule, you can visualize the 
force (F) acting on the positron. 
If you extend your thumb in the ¢ ion & the velocity vector (v) and your 
index finger in the direction of ‘tic field vector (B), then your middle 
finger will point in the direagg force (F) experienced by the positron. 
This force causes the pos veAn a circular path around the magnetic field 
lines. The Lorentz force eqt n quantifies this force, accounting for both the 
electric and magnetic nH, which allows us to predict and understand the 


motion of positrons 1 


Wee direction depending upon the relative strengths and orientations 
enetic fields. 


The Tesla coil generates high-frequency electromagnetic fields that interact with the 
positrons, influencing their trajectories. This control is crucial for confining the 
positrons in a desired region within the plasma/chamber. 


By combining these factors, the Lorentz force equation accurately describes the 
motion of positrons in electromagnetic fields, accounting for both electric and 
magnetic interactions. This equation is fundamental in understanding the behavior of 


33 


charged particles in various physical phenomena, including particle accelerators, 
magnetic confinement in fusion reactors and with Tesla Fields as well as the behavior 
of cosmic rays in space. 


2. Electric and Magnetic Fields of a Tesla Coil 


The Tesla coil generates oscillating electric and magnetic fields. 


The time-dependent electric field E(t) and magnetic field B(t) can be repr itedJas: 


E(t) = Egsin (wt) 
B(t) = Bycos (wt) 
where: 


E, (electric field amplitude) is the maximum str electric field, 


B, (magnetic field amplitude) is the maximun 
t is time, and 
w is the angular frequency of the oscill 


engtl the magnetic field, 


These oscillating fields can be tur 


(plas 


ulate the positron trajectories and their 
interactions with electr 
process. 


reneby affecting the plasma positron annihilation 


3. Boltzmann E 


of + [v v-F]+[= VF] = () coll 


where: 


f (r, v, t) is the distribution function; represents the probability density function of 
finding a particle at position “r”, with velocity “v” at ume “t’, 
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e.g. f (r, V, t)d’rd?v gives the number of particles in the phase space volume 
element d’rd’v, 


af . ; pects bogies te 
of is the time derivation of the distribution function; i.e., the rate of change of the 


distribution function over time due to external influences, 
v is the velocity vector of the particle, 


V,f is the spatial gradient of the distribution function, 


v - V,f is the “convective term; i.e., the change in the distribution ction due to the 


motion of particles through space, 


F is the force acting on particles (any external force actin the 
gravitational, electric, magnetic), 


icles; e.g. 


m is the mas of an individual particle in the system! 


eS | 
7, 8 the acceleration experienced by the partic 1e to the force “FE”, 


Vv is the gradient of the distribution @ vith respect to velocity, 


—-V,f is the accelere coujting for changes in distribution function due 
m 


to particle acceleration, ar 


in phase space, providing a comprehensive description of how particles are 
distributed in terms of position and velocity. 


2. Convective Term (v_: Vif ): Describes how the distribution function changes 


as particles move through space, reflecting the transport of particles within the 
system. 
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F ’ eae 

3. Acceleration Term (= Vif ): Indicates how the distribution function changes 
due to forces acting on the particles, which can subsequently alter their 
velocities. 


eee a sie 
4. Collision Term (2) cot! This captures the effects of particle interactions, which 


can significantly influence the distribution function; e.g., the scattering and 
annihilation of plasma positron interactions. 


The Boltzmann equation helps model the dynamics of plasma positron it 
including formation and annihilation events; with the collision tern/PMichaeaen 
important in describing and accounting for plasma (electron) posit annyjhilation. 


4. Rate Equations 


Rate equations describe the time evolution of the nut 
involved in a reaction or interaction. In the context 
the key rate equations govern the densities of p 
positronium, in addition to the rates of annihg 
decay. 


ities of particles 
y Positron annihilations, 
ma (electrons), and 


iona ositronium formation and 


The time evolution of equations of int@s des the rate of change in positron 
density as shown: 
OO 


the rate of change of 


the itron annihilation: 


Rann = NpyNe(SannV) 
and the positronium formation rate: 
Rps = NpNe(OpsV) 
where: 
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d is delta (difference) or change in, 


Np (positron density) is the number density of positrons in the plasma; i.e., the 
number of positrons per unit volume, 


n, (electron density) is the number density of electrons in the plasma; i.e., the number 
of electrons per unit volume, 


Np, (positronium density) is the number density of positronium atoms in lasyna; 


i.e., the number of positronium atoms per unit volume, 


Oann (annihilation cross-section) is the measure of the probabjfgdy tN Ositron anda 
plasma (electron) particle will annihilate each other. This igdep 
relative velocities. 


‘yt upon their 
Ops (positronium formation cross-section) is a measfee 4 e probability that a 

positron and an electron will form positronium 
Oannv (thermally averaged annihilation rate coe; t) is the average value of the 


product of the annihilation cross-sectig Melative velocity, averaged over the 
velocity distribution of the particles, 


es 125 nanoseconds (ns)) has a shorter lifetime compared to ortho- 
1 (o-Ps; spins of positron and electron are similarly directed; t-1/2 


Annihilation decay of p-Ps yields two 5u1 KeV photons. o-Ps annihilation decay 
yields three photons — each with less than 511 KeV. 
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Further terminology meaning: 


1. Positronium: The short-lived hydrogen-like atom composed of an electron and 
positron (in contrast to an electron and proton) arising from the positron 
capture by the electron, as the positron losses velocity in the process of 
traveling through matter. 


2. Annihilation Rate (Rann): Indicates how rapidly positrons are annihilaging with 


electrons. A higher electron or positron density leads to a higher a Wiation 
rate. 


3. Positronium Formation Rate (Rp,): Indicates how rapidly pdtroniym is being 
formed. Like the annihilation rate, it is proportional to i 
positrons and electrons. 


. Lifetime of Positronium (Tp,): Determines the ility Jositronium in the 
Litetume of Fositronium (Tps } 

plasma. The longer the lifetime, the longer p@si , 

decaying. 


annihilations, the key 


positronium, as well q@&the ra}es of annihilation and positronium formation and decay. 


on Annihilation Rate 


The evof positrons with electrons in a plasma can be expressed as: 


R= (ov)nenp 


where: 


Ris the annihilation rate per unit volume per unit time, 
(ov) is the thermally averaged product of the annihilation cross-section (o) and the 


38 


relative velocity (v) of the electrons and positrons, 
ne is the number density of electrons, 
Np is the number density of positrons. 


This equation ultimately quantifies the rate of annihilation energy release from plasma 
positron interaction, which could then be harnessed for energy production and use in 
either propulsion systems used in space travel, or as a potentially destructive focused 

weapon system(s). 


6. Annihilation Cross-Section 


The cross-section for positron-electron (plasma) annihilation, parti 
energies, is derived by: 


sf6 
o(v) = mr (-) 
where: 


a(v) is the effective cross-sectional area for & 
r. 1s the classical electron radius equal t 
c is the speed of light in a vacuum (29¢ 1eters per second) — frequently 
rounded to 3 x 10° meters/second, 
v is the relative velocity Animation positron and plasma particle 
(electron). 


This describes how the ba y of annihilation is dependent upon the relative 
velocity of the positro@ and pjasma electron particles. This is crucial for both 


where: 


B is the magnetic field strength, 
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Ho is the permeability of free space, 
n is the plasma density, 

kp is Boltzmann’s constant, 

T is the plasma temperature. 


This equation ensures that the magnetic pressure generated by the Tesla coil’s 
magnetic field is sufficient to confine the plasma. 


8. Plasma Frequency 


The plasma frequency for positrons (and similarly for electrons) in 


2 

Npe 

Wp = [ve* 
EoMp 


where: 


h % asma, 


Wp 


np is the number density of positrons, 


is the natural plasma frequency oscillations vg 


e is elementary charge, 

Eg is the permittivity of free space, Le., 
electrical fields to pass through a vacu 
(capacitance) per meter (F/m); ap amid As 8.854 x 10°" F/m — with a relative 
standard uncertainty of 
My, is the mass of the pos xihately 9.11 x 10"! kilograms (kg). 


Plasma frequency is cr 
externally applied ele 


derstanding how the plasma will respond to 
omag)etic fields used in this research. 


SUMMARY 


ations describe the interaction of positrons within an 

Held generated by a Tesla coil and the subsequent annihilation 
dynamics within the plasma (electron) field so generated. The spectral analysis of the 
emitted photons provides annihilation information including the temperature and 
velocity distribution of the plasma. By adjusting the parameters of the Tesla coil, 
including frequency and amplitude, one can theoretically potentially control the 
confinement and annihilation of positrons within the plasma. 
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ETHICAL CONSIDERATIONS 


The development of such plasma positron annihilation technologies must be managed 
responsibly to prevent their misuse and to ensure they are used to provide a benefit 
for humanity, particularly considering the destructive potential of antimatter weapons. 


By working through these equations, and conducting this research guided by these 
equations and ethical principles, the purpose of this research is to gain a deeper 


understanding of how we may theorical control and apply plasma (electro 
annihilation using Tesla coils to space travel and energy production, whil 
understanding the potential use for weapons development, recognigM 
ethical considerations and regulations. 
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Chapter 4. Methods for Plasma Positron Annihilation Containment by Tesla Coil 


The present experiment involving positron plasma (electron) annihilation contained 
by a Tesla coil integrates elements of plasma physics, particle physics, and advanced 
electromagnetism using a Tesla coil inside a vacuum chamber. 


To generate positron plasma annihilation measurements in the presence of a 
field, we need to consider the effects of the magnetic field on the plasma 
such as particle confinement, density, and temperature. For simplicity, w 
on a scenario where we can measure the annihilation rate in a conty 
environment employing varying magnetic field strengths using a T 


EXPERIMENTAL PARAMETER 


1. Magnetic Field Strengths (B): 0 T,1 T, 2 T,3 T, 4 


9. Electron Density (n.): 10° m” (constant). 


J 


3. Positron Density (n,): 10? m” (constant). 
4. Plasma Temperature (T): Adjusted for magné 
oT: ro eV 
IT: 20 eV 
2T: 30 eV 
3 T: 40 eV 
4 T: 50 eV 
5 T: 60 eV 


‘onfinement effects, assume: 


5. Classical Electron DOL? & 10” m. 

6. Electron Mass (m): ¢ 10°" kg. 

7. Bolty bonstant (kg): 1.381 x 107? J/K. 

bbe onversion (eV to K): 1 eV = 1.602 x 107 J. 


ICAL CALCULATIONS BASED UPON EXPERIMENTAL 
PARAMETER LIMITS 


1. Convert Plasma Temperature to Kelvin: 


1.602x107 19 
kp 


T(K) = TeV) x 
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2. Calculate Thermal Velocity (vy): 
8kyT 
Vin | 
wm 


3. Calculate Annihilation Rate (R): 


, [8ksT 
R = (arg) ( — (rtens) 


ANNIHILATION CALCULATIONS BASED UPON EXP AL PARAMETER 


LIMITS 


o Tesla: 
Plasma Temperature (T) 
Thermal Velocity = vin - 


Annihilation Rate = R & (x 


t Tesla: 


ire (T) = 20 eV = 232,090 K 


(8)x (1.381 x 10723) (232,090) 6 
Vin - eee = 1.87 x 10°m/s 


Annihilation Rate = R * (2\(2.817x10715)? x (1.87 x 10°m/s)(10")(10") 2.08 x 107° m” 


ThermaP¥trocity 
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2 Tesla: 


Plasma Temperature (T) = 30 eV = 348,135 K 


=23 
Thermal Velocity = vy, _ oe 2.29 x 10°m/s 
¥ (7)(9.109x10731) 


Annihilation Rate = R * (m)(2.817x1071%)? x (2.29 x 10®m/s)(10") (10) = 2.9 


I 


3 Tesla: 


Plasma Temperature (T) = 40 eV = 464,180 K 


—23 
Thermal Velocity = vy, _ pa x 2 
“ (7) (9.109x10731) 


Annihilation Rate = R © ()(2.817x107*9)? x { ak 


S 
(4) (9.109x10-31) 


0°m¥s 


7s)(10'°)(10) + 2.95 x 10” m”® 


4 Tesla: 


Plasma Temperature ( 


Thermal Velocity = v, ~ 2.97 x 10°m/s 


Annihi te = R & (n)(2.817x10-15)? x (2.97 x 10°m/s)(10")(10°) * 3.31 x 10% m? s 


Plasma Temperature (T) = 60 eV = 696,270 K 


—23 
Thermal Velocity = vy, - eee 3.26 x 10°m/s 
“ (7)(9.109x10731) 


Annihilation Rate = R * (x)(2.817x10715)? x (3.26 x 10°m/s)(10")(10") * 3.63 x 10 m° 


S 
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RESEARCH OBJECTIVE 


The primary goal of the experiment is to study the behavior and characteristics of 
plasma positron interaction and annihilation when confined using electromagnetic 
(EM) fields generated by a Tesla coil inside a sealed vacuum chamber. Under these 
conditions the first part of the study focuses on using lower range Tesla fields to 
determine viability of the study design. The second part of the study increases Tesla 
(T) field strength up to 5 T producing a “pinch(ing)” of the EM Tesla fields. Meas 


phenomena will include changes in plasma temperature, thermal velocity 
annihilations. The results are reported as maximum measured outcomes 
display. The third and final part of this research looked at deriving 
Equation given various Tesla under vacuum conditions which coul 


1 


e usdd in anaes 
research investigations. 


METHODS 
EQUIPMENT AND MATERIALS 


1. Positron Source: A newly available positro rweclioactive source, using a 

minimum of 50 millicuries (mCi) of [°F] 2-deoxs ro-D-glucose (FDG) per study, 
obtained from Sigma (London) Chemicg odion S.W.6, U.K., will be used as 
the positron emitter during decay, in | I 
positrons from Tesla coil field effi 


avi 


esla AS Show 


ring centered around th 


" r coil, a ie Peds coil ‘sel dong with measur euicnt deve ices as 
Rated claw and complimentary field coils, ensuring minimal interference from air 
molecules, once the vacuum is applied to the sealed chamber. This chamber needs to 
maintain a high vacuum (ultra-high vacuum, UHV) to prevent positrons from 
annihilating (interacting) with electrons in the air. Evacuation of the vacuum chamber 
to UHV conditions set to 10° Torr. 
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4. Magnetic and Electric Field Coils: Additional magnetic and electric field coils to 


manipulate and stabilize the positron ring and plasma within the chamber. 


3. Plasma Formation: Plasma formation will be toroidal, with a rectangular cross- 
section to ensure that field lines connect back to the magnet, providing a stable 
confinement area Annihilation-Gamma-based Diagnostic Techniques for Magnetically 
Confined Electron—Positron Pair Plasma as shown in Figures 3 and 4. 


6. Annihilation Detection Apparatus: Systems to detect annihilation even chyas 
gamma-ray detectors (scintillators, Geiger counters) placed around the ch 
capture the 51 keV photons resulting from positron-electron annihYangn. 


An array of detectors is positioned around the confinement va er to 
monitor gamma radiation resulting from positron-electron 
detectors are equipped with pulse-processing hardware c ‘ 
timestamp detections and measure photon energy, di ntia between two- and 
three-photon annihilation events 


Ware plasma (electron) positron 
djagnostics including high speed 
wa beywavior, or other plasma 


7. Plasma Diagnostic Tools: Langmuir probe 


annihilation at various Tesla field strength, op 
cameras and spectrometers to visualize 


characterization tools to study the pro] he positron plasma. 


Data from the gamma ( 
collected for analysis. 


ton) ‘tory, plasma diagnostics, and other sensors are 


Annihilation Ra hee at which positrons annihilate with electrons or 
nd subsequently annihilate. This data is crucial for 


amics of the plasma and the effectiveness of the 


form positron 
understanding 


tribution: The spatial distribution of annihilation events within the 
amber. This helps in identifying the regions where annihilation 
‘to occur and optimizing the confinement setup. 


Annihilation Mechanisms: Differentiating between various annihilation 
mechanisms such as direct annihilation with free electrons, annihilation with 
bound electrons, and Ps formation. The contribution of each mechanism is 
analyzed based on the density and temperature of the plasma. 
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8. Analysis: The collected data are analyzed to understand the dynamics of positron 
plasma confinement, the rate of annihilation, and the influence of the Tesla coil’s 
fields on these processes. This includes studying the spatial and temporal distribution 
of annihilation events and correlating them with the electric and magnetic field 
configurations. 


EXPERIMENTAL PROCEDURE 


3. Plasma Formation: The positrons within the chag 
positrons that are not bound to each other but 1 
electromagnetic fields. 


4. Confinement with Tesla Coil: The T 
high-frequency EM fields with plasma 
fields interact with the charged pg 
the chamber. The high y 
containment area due to 


5. Field Stabilization: 
equivalent coils surro wding he chamber a are adj iad to stabilize ie epee on 
plasma. If necessary, 


techni event the placid fr om disper sing, Acigines to lotus ihe Siete on 
posit 

6. M fation: As positrons and electrons interact, they annihilate each 
other [* : emma photons. The gamma (photon) detectors surrounding the 


chamber capture these photon events, providing data on the annihilation rate and 
spatial distribution. 


7. Annihilation Rate Data Collection: The experiment runs for five ad (FDG) half- 
lives, during which the behavior of the positron electron annihilation is continuously 
monitored. Data from the gamma-ray detectors, plasma diagnostics, and other sensors 
were collected for analysis, including the following: 
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Annihilation Rates: The rate at which positrons annihilate electrons or form 
positronium (Ps) and subsequently annihilate. This data is crucial for 
understanding the dynamics of the plasma and the effectiveness of the 
magnetic confinement. 


Spatial Distribution: The spatial distribution of annihilation events within the 


confinement chamber. This helps in identifying the regions where anyjhilation 


is most likely to occur and optimizing the confinement setup. 


Annihilation Mechanisms: Differentiating between various a 
mechanisms such as direct annihilation with free electrons, ihilation with 
bound electrons, and Ps formation. The contribution o ism 1 
analyzed based on the density and temperature of thg 


will be used to 
various Tesla field 


Density and Temperature Measurement: Lang 


ir pre 


measure the plasma (electron) positron annil@lat 
strengths. 


spectrometers for visualizing 


Optical Diagnostics: High-speed camera 


plasma behavior. 


8. Analysis: The collect 
Analysis 

plasma confinement, the 

fields on these processes. 

of annihilation events 


1alyzed to understand the dynamics of positron 
ihYAtion, and the influence of the Tesla coil’s 
sicludes studying the spatial and temporal distribution 
ing them with the electric and magnetic field 
configurations. 


LENGES AND CONSIDERATIONS OF THIS RESEARCH 


g the stability of the positron electron (plasma) as positrons tend to 
Wh electrons. 


Field Control: Precise control over the electromagnetic fields to maintain effective 
confinement without introducing instabilities. 


Detection Sensitivity: High sensitivity and accuracy in detecting annihilation photons, 


as the signals can be weak and potentially masked by unknown or unanticipated 
background radiation. 
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By carefully designing and conducting this experiment, we will be able to gain 
valuable insights into the properties of positron plasma (electron) interactions 
(annihilations) and the effectiveness of electromagnetic confinement methods, 
potentially advancing applications in antimatter and plasma physics research. 
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Chapter 5. Experimental Results 


This research is divided into three segments, with the first part of the study looking to 
determine if plasma (electron) positron annihilation can be adequately controlled in 
an electromagnetic field of varying strengths generated by a Tesla coil within a 
controlled vacuum container environment. 


The second part of this investigation focused on increasing the Tesla coil strength 
with subsequent measurement of changes induced within the vacuum chamber as 
electron positron annihilation was increased through the resulting “pinch(ing)” effect 


of the EM field. 


The third and final part of this research endeavored to derive an annihilation equation 
based upon quantified measured outcomes over a range of conditions, to be used for 
future applications including space travel and potential weapons development. 


PART 1 


Measurements obtained throughout this research looked at a number of variables 
dependent upon changes in the Tesla field strength. The first part of the study looked 
at lower Tesla field strengths with qualitative assessment of the plasma condition; L.e., 
relative electron density. This part of the study focused on determining if plasma 
positron annihilations could be contained within a Tesla field inside a vacuum 


. —_ 
chamber environment. a 4 4 ) 


As Tesla field strength was increased, so too did the measured plasma temperature, 
resulting in higher detectable annihilation counts associated with a greater positron 
density within the confinement field generated by the Tesla coil. The results are 


shown in Table 1 below dy» 
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Table 1: Testing the feasibility of controlling plasma (electron) positron annihilation 
using tesla fields. 


Positron Annihilation 
Density (em) | Rate 


Magnetic Field | Plasma Plasma 
(Tesla) Temperature Condition* 


(electron volts; (counts per 


second 


Ultra-low 1.0X 10° 


0.3 0.8 Very low LEXI” 
OS L.O Low T0010. 
L.O 2.0 Moderate SF X10" 
2.0 5.6 High 6.0 x 10°° 


3.0 10.0 Very high 


Me 


* Ultra-low = very few particles; Very low = slight) 


Moderate = typical laboratory range; Very high particle confinement. 


PART 2 


During the second part of this researc Srogressively greater Tesla field 
strengths; measurements of plas1 ect positron annihilation, time to 


determine if changes in p 
increasing the Tesla coil 


: ubsequent increases in plasma temperature and thermal 
This increase was associated with an increase in annihilation rate and 


vn in Table 2. 
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Table 2: Measured changes in plasma temperature, thermal velocities, annihilation 
rate and time to achieve annihilation under varying magnetic field strengths. 


Magnetic Field | Plasma Thermal Annihilation Time to 

(Tesla) Temperature Velocity Rate Achieve 
(electron volts; — | (meters per (m” s”) Annihilation 
eV) second; m/s) Rate 


1.32 x 10° 


I 20 Loy x 10° 2.08 x 10° 
2 30 2.29 X 10° 2.55 x 107 
3 4o 2.65 x 10° 9,90 X10" 
4 50 2.97 x 10° 3.31 x 19 
5 60 3.26 x 10° 3.03 2.8 x 1077 


eased Tesla coil 
reemperature. 


Both Table 2 and Graph 1, show the relationship b 
strength and subsequently measured — 


Measured Changes in eV per Tesla Field 


0 
A 
M 1 
A 
G 
N 2 
E 
T 
1 3 
C 
F 4 
1 
E 0 13 25 38 50 
L 
D Temperature in electron volts (eV) 


Graph 1. Comparison of increased plasma temperature associated with increased Tesla 
field strength. 
52 


When changes in particle thermal velocity were measured and compared with 
increased Tesla field strength (Table 2 and Graph 2), there was an initial significant 
increase in particle thermal velocity noticed following the initial application of Tesla 
coil field strength. There was a continued increase in thermal velocity with increasing 
Tesla strength; however, the measured increase was less pronounced with each 
incremental increase in Tesla field strength. 


Measured Changes in Thermal Velocity (m/s) for 


different Temperature eV per Tesla Field 


L 1.32 x 106 
1.87 x 106 
G 2.29 x 106 
2.65 x 106 
C 2.97 x 106 


3.26 x 106 
E 0 1,000,000 2,000,000 3,000,000 4,000,000 


D Thermal Velocity (m/s) 
el 


Graph 2. Changes in thermal particle velocity seen in associated increase in Tesla 
electromagnetic field strength. 
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When the measured particle velocities are taken into consideration with particle 
annihilation rate, under increasing magnetic (Tesla) field strength, a progressive, 
although not completely linear, increase in annihilation rate is seen. This is 


graphically shown in graph 3. 


Measured Plasma Positron Annihilation Given Changes in Thermal Velocity (m/s) for different Temperature eV per Tesla Field 


1.47 x 1026 


2.08 x 1026 


2.55 x 1026 


2.95 x 1026 


3.63 x 1026 


100,000,000,000,000,000,000,000,000 200,000,000,000,000,000,000,000,000 300,000,000,000,000,030,000,000,000 400,000,000,000,000,000,000,000,000 


Annihilation Rate (m-1 s-1) 


ison,of electron positron annihilation with increasing field strength 
f particle velocity. 
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As shown in the following graphic (Graph 4), there is a steady, almost linear, increase 
in electron positron particle annihilation seen with increased thermal velocity of the 
particles, when placed under increased Tesla (Table 2). 


4 Annihilation Rate (m-1 s-1) per Thermal Velocity Change (m/s) 


340,000,000,000,000,000,000,000,000 
255,000,000,000,000,020,000,000,000 
A 
N 170,000,000,000,000,000,000,000,000 
N 
I 


\ 85,000,000,000,000,000,000,000,000 


I Key: @ Annihilation Rate (m-1 see -1) 


0 850,000 1,700,000 2,550,000 3,400,000 


aes 


E Thermal Velocity (m/s) 


The relAtionship between thermal velocity versus particle annihilation. 
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PARTS 


This data provides the basis for understanding plasma behavior, annihilation 
dynamics, and confinement efficiency, along with the importance of standardizing the 
safety protocols ensuring a controlled experimental environment as laid out in the 
methods section. 


In the third and final part of this research, additional measurements to augment the 
data already obtained and to measure positron confinement. 


With the assistance of our IBM mainframe computer, the accumula 
further analyzed and reduced to a multivariate differential in an ef! 
guide future research under varying condition states. The addi 

Table 3 followed by the derived annihilation equation. 


st to fabilitate and 
is shown in 


Table 3: Measured positron confinement. 


Magnetic | Positron Annihilation ihilation | Photon (y) 
Field (T) | Confinement | Rate ocalization | Radiation 
(cm) (10'°/second) (cm) Intensity (104 


photons/cm’/s) 


~ ~ 

O.1 10 5.0 10-15 2.0 
4 ra a z QP 
0.5 5 5-10 oe 
1.0 2 ; 2-5 5.0 
2.0 I 0.083 3 6.0 
ma 


0.067 


Tesla field confinemer g the cumulative data is: 


27 
d=of | [ny c.20nel20vrelr2,trdrdzd9 
0 —oo 
0 


where: 


Ny (7, Z,t) is the positron density in cylindrical coordinates, 
Ne(r,Z,t) is the electron density in cylindrical coordinates, and 


Ris the radial distance from the axis. 


56 


This annihilation rate equation can be further simplified to: 


21 
ROS oneovo | i | Np (7,2, t)rdrdzd® 
0 —0o 
0 


if, and only if, 


both the uniform electron density 72 is uniform and constant (1.e., Ne = 16) d 
the relative velocity (1.e., V;ez) Is approximated as a constant (1.€., U9). 


SUMMATION 


The results of this research indicate that at lower densities, the tron positron 
annihilation is primarily limited by transport processes, \ 


material surfaces where they annihilate. As the ae 


Bost on Siasna (elect Or 
annihilation equation: 


R(t) = i 1p (r,Z,t)Ne(7, 2, t)Vrei(7, z, t)rdrdzd® 
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Chapter 6: Discussion 


The introduction of the modern electromagnetic era saw the development of vacuum 
tube technology, as well as the introduction of the Tesla coil allowing for the 
transmission of electric current without physical wiring. The importance of this 
technology was far more important than the competition between Tesla and Edison; it 
was the use of electromagnetic fields to control ion particle flow. 


energy with fissioning matter, opened the nuclear age. The limitatic 
such a source precluded its use for jet, or other, propulsion system 
ugh many 


ys knowledge. 


conditions; however, it proved applicable for weapons develo 


Nonetheless, efforts to harness both fission and fusion wi 
presented potential beneficial applications of this kn¢ 
imaging in research and healthcare, which has seer 
technology. 


proven by Anderson in the early to mic 
applicability of these fundamental par 
of endeavor; viz. energy producti 
understanding of subataggic par 


Interrogation and integratio the current mathematical models applied to 
electromagnetic fields i d electron particle decay, and the integration of 


inciples of ion control employed by Tesla, this research investigated 
gctromagnetic (EM) fields could be used to both contain and 
contro peoncrectron (from plasma discharge) annihilation within a vacuum (to 
enhance annihilations and shorten time to annihilation), thereby channeling that 
energy for application. 


The initial studies carried out in England using zero energy thermonuclear assembly 


(ZETO) with applied “pinch” effect of EM fields to augment particle velocity and 
annithilations indicated this possibility. 
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The initial part of the research demonstrated, that under controlled vacuum state 
conditions, between 0.2 to 3.0 Tesla field strength, positron electron annihilation 
could be controlled under varying plasma states and positron density. The results 
confirmed the expected findings, that increased Tesla resulted in higher plasma (eV) 
temperature and increased annihilations per second. 


Confirmation of these findings were obtained during the second phase of this 
research carried out over a broader (o to 5 Tesla) magnetic field range. Meas 


outcomes and graphic display revealed that the initial increase in thermal G, Y was 
noted during application of the first Tesla, with continued, but less prond@¥éced, 
thermal velocity noted with further increases in Tesla. 

The first two parts of the research demonstrated the ability to A increase 
plasma electron annihilations, resulting from increased the cities and plasma 
temperature. In the final part of this research, additional urement of annihilation 
control was demonstrated by measuring positron conggyeme fth increased 
magnetic field strength. The results showed both ay ed confinement of 


positron and annihilation localization with incr 
accumulated showing increased annihilation 
annihilation, and increased photon generation’ 


From this information it was possible he annihilation rate equation for use 


with future research design and d ut mn of the energy available for application. 


ARCH FOR SPACE TRAVEL AND WEAPONS 
EVELOPMENT 


ork presented here controlling plasma (electron) positron 

ys esla coil has important implications for potential space 
propuls esters. The ability to manipulate and confine positrons within a plasma 
offers potential advancements in propulsion systems and energy management in 
space using either a vacuum system or the rarity of molecules under non- planetary 
“space” conditions. 


1. Propulsion Systems 


Electron Positron Propulsion: Efficient control over positron annihilation can lead 
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to the development of propulsion systems. Such engines promise higher energy 
densities compared to conventional chemical rockets, potentially reducing travel time 
to distant planets and stars. 


Plasma Thrusters: Utilizing controlled plasma can enhance the performance of 
plasma thrusters, providing continuous and adjustable thrust, which is crucial for 
long-duration space missions. Such technology already exists to harness this plasma 
thrust through the application of 6 (theta, direction of current) Bennett pin 


compression Bf gases, In ates instance ene (electr al positron, V 
magnetic field nee In this research, the increased magn mS generated 
) ‘search. The 
increased annihilation focused energy creates the propul 1. While not yet 
published, there is scientific discussion that a group dam rs in the USSR lead 
by Morozov, et al, have been working on this. Such@y ould however only be 


activated in “space” to avoid potential resultin : Image from the emissions. 
I I 


2. Energy Production 


Sustainable Energy: Controlled y We of positrons and electrons can be 


harnessed to produce S 


1. Further Research: The information obtained from this research provides new 
insights into the ability to alter the rate of electron and positron interactions. 
Future research into this field could increase our understanding of matter 
antimatter interactions. 


2. Medical Applications: The two fundamental fields of medical research with 


nuclear isotopes include both the treatment of malignancies and imaging of 
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the body. Future research may yield better isotopes and imaging techniques 
for both applications. 


Weapons Development 


The precise control of plasma electron positron annihilation using Tesla coils also 


presents significant, albeit controversial, implications for weapons developyggnt. 


1. Directed Energy Weapons 


Annihilation-Based Weapons: Harnessing the energy from control 


electron annihilation could lead to the creation of powerful dggmetec 


posifron- 
oy weapons. 
These weapons could potentially release immense quantiti “ev upon 


triggering the annihilation process, causing significant dés 


Focused Energy (Annihilation or Photon): Using el@tr netic fields generated by 


Tesla coils to direct gamma annihilations could 1hly focused energy 
eo e/ ? 
potentially useful for targeting and neutraliz] 


29. Antimatter Devices 


involved with, such a i 
for pgsitron annihilation lifetime spectroscopy employing 
Aron—Positron Pairing. 


plasma positron sour 
Magnetically Confined 


LUDING ETHICAL AND SAFETY CONSIDERATIONS 


My 


; wnihilation theory utilizing Tesla coil confinement, regulation 
and 


‘nerey, represents a frontier in both theoretical and applied physics, 
with the potential to revolutionize space travel by providing more efficient propulsion 
and energy solutions. Concurrently, the same principles could lead to advanced 
weapons systems, necessitating careful consideration of the ethical implications and 
regulatory frameworks to ensure these technologies are used for the benefit of 
humanity. 
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Chapter 7: Conclusion 


The Fleming theory on plasma (electron) positron annihilation control using a Tesla 
coil within a vacuum, addresses the interactions of high-voltage, high-frequency 
electromagnetic fields with electron-positron plasmas. The fundamental idea involves 
using the unique properties of Tesla coils to influence the behavior of positron 
electron annihilation, controlling the annihilation processes. 


Tesla coils generate strong electromagnetic fields that can ionize gases an 
plasma (electron) discharge. These fields are characterized by high voltag 
frequencies, which can be harnessed to manipulate charged particlg 
and positrons. By configuring these coils appropriately, it is possib 
positrons within a specific region and control their interaction it 
influencing annihilation rates and patterns. 


Lo cor ae 
Tons, thus 


The practical application of this concept can be seen J imental setups where 
high-intensity lasers create dense electron-positrongla hese setups often 

involve magnetic confinement and diagnostic te 
rates and spatial distributions of positrons. B 
useful in focusing and directing electrons and 
into controlling and directing their ann 


Mors and magnetic fields are 
utrons, thereby providing insights 


In essence, combining the high-e ‘on plasma environments with the precise 
ered 


ch 


electromagnetic control 
physics and antimatter r 


esla coils can open new avenues in plasma 
enAally leading to advances in controlled 


annihilation processes for va 
production. 


is applications, including material science and energy 


The successful manip of positron dynamics using magnetic fields generated by 
a Tesla plves precise control over the positron trajectories and confinement. 
This £6 achieV@@py leveraging the Lorentz force and the oscillating electromagnetic 
coil, which direct the positron motion effectively within the plasma. 
erating a sustainable matter-antimatter source using Tesla coils 


feration of non-neutral positron traps using a 5 Tesla magnetic coil, 
feed by a high intensity source of positrons, which as demonstrated in this research, 
could then be combined with plasma in a levitated dipole trap. The field force of the 
Tesla coils could both generate the plasma and contain the matter-antimatter 
annihilation process; after which, the photon energy could either be focused for 
propulsion, or spontaneously released for potential military purposes. 
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Like nuclear fission, the potential use and abuse of such energy would most likely 
revolutionize humanity. In considering the scientific discourses of Einstein as well as 
the scientists involved in the Manhattan project, and with deep appreciation for the 
opportunities that have been afforded me with my doctorate training and dissertation, 
and in recognition of those far more experienced than I am, I propose that my 
research accordingly be classified, during which time, humanity will hopefully 
develop the necessary scientific, social and political skill sets necessary to use this 
research wisely for the betterment of humanity and not its destruction. It isgrucial to 
and 
the 


approach these developments with a strong emphasis on ethical consider 
regulatory frameworks to ensure these findings are used responsibly and 
benefit of mankind. 
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PLASMA POSITRON ANNIHILATION 
1. Scientific Journals 


Physical Review Letters and Physical Review: These journals published numerous 
articles on particle physics and plasma physics during that time. A search through 
their archives for terms like "positron annihilation" and "plasma" would be 


beneficial. 


Journal of Physics B: Atomic, Molecular and Optical Physics: This journal often ) 
covered research related to atomic and molecular interactions, including electron- 


positron annihilation. a ) 


2. Books and Monographs 


Physics of Fully lonized Gases: by Lyman Spitzer (1962): This book provides 
foundational knowledge on plasma physics and may include references to positron 


* A . 4 
interactions. ue | Oe 


Positron Annihilation: edited by P.G. Coleman (1969): This compilation of works 
might include sections specifically focused on positron plasma interactions. 


3. Key Researchers and Papers 

Paul A.M. Dirac: His work laid the groundwork for understanding antimatter. While 
his papers date back to the 1930s, they are foundational for understanding positron 
theory. 


Martin Deutsch: Known for his work in positronium and annihilation processes. 


Others: Early works by theorists and experimentalists like J.A. Wheeler and others 
who explored the properties of positron-electron interactions in plasmas. 


4. Specific Articles 


Additional materials published by researchers such as B. Jean and F. Linder, who 
studied positron interactions in various media. 


Papers by R.S. Quimby and colleagues on the detection and analysis of gamma rays 
resulting from positron annihilation. 
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PAUL DIRAC’S WORK ON THE THEORY OF ANTIMATTER AND THE 
PREDICTION OF THE POSITRON 


1. "The Quantum Theory of the Electron" (1928) 
Citation: P. A. M. Dirac, Proceedings of the Royal Society A, 117, 610-624 (1928). 


Summary: This paper introduced the Dirac equation, a relativistic wave equation for 
electrons. It was in this paper that Dirac first proposed the concept of negative energy 


states, leading to the prediction of positrons as holes in the sea of negative energy 
electrons. 


2. "A Theory of Electrons and Protons" (1930) 


Citation: P. A. M. Dirac, Proceedings of the Royal Society A, 6. 360-365 (1930). 
Summary: Dirac discussed the implications of his equation further, initially suggesting 
that protons might be the positive counterparts to electrons. However, the mass 
difference between protons and electrons presented a problem for this interpretation. 


Pad 0 
3. "The Quantum Theory of the Electron. Part II" (1931) 


Citation: P. A. M. Dirac, Proceedings of the Royal Boaieiy A, 133, 60-72 (1931). 
Summary: This follow-up paper provided a more detailed discussion of the 
implications of the Dirac equation and corrected earlier interpretations, leading to the 
eventual understanding that the positive holes in the Dirac Sea were positrons, not 
protons. Z 


4. "The Theory of Positrons" (1933) 
7 


) 


Citation: P. A. M. Dirac, The Physical Review, 82, 403-408 (1933). 
Summary: In this paper, Dirac explicitly addressed the existence of positrons, 


summarizing the theoretical framework and the experimental evidence available at the 
time, including the discovery of the positron by Carl Anderson. 
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SELECTED PUBLICATIONS BY IRVING LANGMUIR 
1. "Oscillations in lonized Gases" (1928) 


Citation: 1. Langmuir and L. Tonks, Proceedings of the National Academy of 
Sciences, 14, 627-637 (1928). 

Summary: This paper described the discovery and theoretical analysis of plasma 
oscillations, a key phenomenon in plasma physics. 


\ 
2. "The Interaction of Electron and Positive lon Space Charges in Cathode Sheaths" 


(1929) [> 


Citation: I. Langmuir, Physical Review, 33, 954-989 (1929). _ gam 
Summary: Langmuir discussed the behavior of electron and ion sheaths in cathodes, 
contributing to the understanding of plasma sheaths and their properties. 


3. "The Effect of Space Charge and Initial Velocities on the Potential Distribution and 
Thermionic Current between Parallel Plane Electrodes" (1923) 
a” 

Citation: I. Langmuir and K. Blodgett, Physical Review, 22, 347-356 (1923). 
Summary: This paper investigated the impact of space charge on potential 
distribution and current flow in ionized gases.p/ 
Langmuir's pioneering work has had a profound and lasting impact on plasma 
physics, establishing many of the fundamental principles and techniques still in use. 

~~ @ 


SELECTED PUBLIC: 


FRANCIS F. CHEN 


1. "Introduction to Pla ysics and Controlled Fusion" (1974) 


yxtbook provides a foundational introduction to plasma physics and 
It covers a broad range of topics, from basic plasma properties to 
1 wave phenomena and instabilities. 

d as a teaching resource, it has educated generations of plasma 


physicists. 


2. "Plasma Diagnostic Techniques" (1965) Editors: R.H. Huddlestone and S.L. 


Leonard, with contributions from F.F. Chen. 


Summary: This book includes detailed descriptions of various plasma diagnostic 
techniques, to which Chen contributed significantly. 
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POSITRON ANNIHILATION REFERENCES 

1. Books 

"Physics of Fully Ionized Gases" by Lyman Spitzer. ISBN: 978-0486449820 

A foundational text on plasma physics, covering basic principles that are applicable to 


positron interactions in plasma. 


2. Journal Publications 


Dirac, P.A.M. (1928). "The Quantum Theory of the Electron" Proce 


\ 


Society A, 117, 610-624. 


This is the foundational paper where Dirac introduced the gfjua redicting the 
existence of positrons. 


Deutsch, M. (1951). "Evidence for the Formation of fst i in Gases" Physical 
Review, 82(4), 495-456. 


This describes early experimental evidence of Wronium formation in gases. 


wWation in Solids" Reviews of Modern 


Ferrell, R.A. (1956). "Theory of Positre 
Physics, 28(3), 308-332. 


Theoretical paper discuss the ayfor of positrons in solid materials and their 


annihilation mechanisms. 
3. Review Papers and@Xonfer}nce Proceedings 


."Positronium in Liquids" Physical Review, 175(2), 409- 


yon and annihilation of positronium in various liquid media. 


West, R.N. (1973). "Positron Studies of Condensed Matter" Advances in Physics, 22(5), 
263-383. 


A comprehensive review of positron annihilation in condensed matter, including both 
theoretical and experimental perspectives. 
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KEY REFERENCES AND CONTRIBUTIONS ON DEVELOPMENT OF TESLA 
COILS: 


1. Nikola Tesla's Patents and Papers 


"System of Electric Lighting" (1891): Tesla’s patent (US Patent 454,622) detailing his 


early work with high-frequency alternating currents and the Tesla coil. 


"Experiments with Alternate Currents of Hi 
A seminal lecture by Tesla explaining his experiments and the principles 
Tesla coil. 


2. Historic Research and Advancements 


Fleming, J.A. (1go1). "The Principles of Electric Wave Te y J lhis book 


describes early applications of high-frequency coils 1 


Tesla, N. (1904). "The Transmission of Electrica T rout Wires": A paper 
discussing the theoretical and practical aspecygpl wi 
Tesla coils. 
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Chapter 9. Figures 


Figure 1: Basic Emission of Radioactive Decay. 


| 


| 


| 


as symbolized by the universally accepted symbol, yields several 

ch can be differentiated once emitted into an electromagnetic field 
gatively charged beta particles (electrons; i.e. plasma) is 
allract Carte mostavely charged plates; while the positively charged alpha (helium 
nucleus) and anti-matter positrons, are attracted to the negative plate. Changes in field 
strength will influence the path of the released particles. As noted, the release of 
photon (gamma particles) energy is not associated with an electromagnetic shift. 
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Figure 2: Theoretical models of positron-plasma interaction 
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The two figures provide a working understanding of plasma positron annihilation. In 
the upper figure, a plasma particle (electron) collides with a positron with direct 
impact resulting in two 5u KeV photons of energy being released. However, when 
measured using coincidence detection, the measured outcome data reveals the 
annihilation does not always result in the release of two 511 KeV photons at 180 
degrees angulation. The second model represents an alternative hypothesis, where 
plasma — positron annihilation results in photon energy release with subsequent 
production of a matter quark (q) and anti-matter quark (q) pair AND the release of a 


gluon (g). 
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Figure 3: Simplified Diagram of experimental setup. 


mr within a vacuum chamber, with current supplied (wires not shown 
for purpose of simplification of diagram) providing varying field strengths. Within the 


chamber, 18-FDG is placed in the superconductor levitating ring shown in the center 
of the vacuum chamber. Once the positron source is positioned, the vacuum chamber 
is sealed the atmosphere within the chamber is evacuated. The current is then applied 
to initiate the Tesla coil. As the current is increased the Tesla magnetic field increases, 
producing a “pinching” effect of the magnetic field. Termination of the experiment is 
obtained using the reverse sequence. 
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Figure 4: Tesla coil electromagnetic field pattern with increasing “pinch” effect. 


Using Tesla coil increased electric field strer 
strength with a resulting “pinch” effect. | 
compression along the magnetic field If 


temperatures. Thereby resulting in gre? Tima positron annihilation. 
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Chapter 10. Tables 


Table 1: Matter and Antimatter Subatomic Particles. 
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